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Answer any four (4) Questions 


Question 1 


a) Find the equivalent resistance between terminals AB of the following circuit. 


(3) 


3.0kQO 


3.6kO 


b) i) Show that there is a single frequency w, for which the impedance between C 
and D of the following circuit is infinite, specifically lim, |Zcp| = ©. 


ii) Find that frequency w,. (10) 
C=47nF 
Cc | | D 
L=2.5mH 


c) A battery charger has a + and a — terminal for connecting to the + and — 
terminals of a battery respectively. Suppose a battery charger output has a 
Thevenin equivalent circuit of 14.7 V, 4.0Q while the battery has a Thevenin 
equivalent circuit of 12.0 V, 0.8 Q. How long will it take to deliver a charge of 
100 coulomb to the battery? (5) 


d) The following circuit shows a voltage source and a filter. 
L 


Vin()=V cost 
Vout(t)=V ,cos(wt+0) 


i) Sketch a graph of frequency versus the magnitude of the voltage transfer 


function of the filter. (5) 
ii) Given R = 1.2 kQand L = 150 wH show the corner frequency on your graph. 
(2) 
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Question 2 
a) Assuming an ideal op-amp, derive from first principles an expression for the 


overall voltage gain V,,,,/ Vi, in terms of the components in the circuit. (8) 
Vr 
[" 
== 


b) Briefly explain how a result from part a) above is possible without knowledge 


- R 1 R> 


of the specific electrical characteristics of the op-amp (input bias current, input 
offset voltage, slew rate limit etc.). (2) 


c) For the circuit in part a), if Ri=1.0kQ, Ro=10kQ and Vin is a sinusoidal AC 
voltage of 2V peak-to-peak, sketch graphs of the input voltage vin(t) and the 
output voltage Vout), each versus time. Hint: The op-amp power supplies are 


+5V and —5V. 
(5) 


d) What is the principal difference between input bias current and input offset 
current of an op-amp? (5) 


e) You take a three-lead device from a dusty storage box. Unfortunately the part 
number had rubbed off and the only available information regarding the device 
is the picture below. What electrical test(s) could you do to determine its type, 


polarity and principal characteristics? 


(5) 
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Question 3 


a) Following is an incomplete circuit drawing of a full-wave rectifier. Copy the 


drawing and complete it by placing 4 diodes in the correct locations and 
orientations. (4) 


+ 


Vert = 


dc Output 
10V rms 


b) Briefly describe the function and operation of the resulting circuit. Include an 
example illustrating an application of this circuit. (6) 


c) Stating any necessary assumptions, what is the instantaneous maximum voltage 
at the output of the circuit in part a). (3) 


d) Given a supply of diodes and 
resistors, show how they may be 
connected to produce a circuit with 
the following transfer charact- 
eristic. 


(12) 
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Question 4 
a) Find the voltage Vas in the following circuit. Assume that the MOSFET has the 
following characteristics: threshold voltage Vi; = 3.0 volts; K = 40 mA/V’. 
Hint: the MOSFET is operating in the triode region. (12) 


+i 
R,=1000Q 


Vic V=10V 


V=5V 


b) For the MOSFET in part a), sketch a graph of its V-I characteristic; that is a 
graph of drain current Iy vs Vas for the following values of V,,: 3, 4, 5, and 6 
volts. (4) 


c) The following circuit was set up to determine the current gain B of the 
transistor. The input voltage Vin was set to 5.00 volts and Vce measured to be 
6.31 volts. Find B. 

Assume the following characteristic for the transistor: 


Vobe = +0.65 volts (7) 
+12V 


SR. = 1kQO 


d) What is the type and polarity of the transistor in part c)? (2) 
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Question 5 
a) The following CMOS circuit performs a logic function. Describe the operation 
of the circuit and find the logic truth table for digital logic inputs (A and B) and 
output (Y). 


(6) 
b) Is the logic circuit from part a) an AND, NAND, OR, NOR, EXCLUSIVE OR 
or EXCLUSIVE NOR type? (2) 


c) What is noise margin as applied to a digital circuit? and why is it important? (4) 
d) Ina Norton equivalent circuit, what is meant by “equivalent circuit”? (4) 


e) An oscilloscope screen is show below. The upper trace is the input to a filter 
circuit and the lower trace is the output of the same circuit. Assuming the 
waveforms are sinusoidal what is the 
i) frequency and 
ii) effective (rms) voltage of the input signal? 

iii) What is the voltage gain (in decibels) produced by the filter circuit? 
iv) Is the output /eading or lagging the input? (9) 


50.0V/div 25 us/div 
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Useful Formulae 


1=Qkt 
V=IR 

v2 
es en 
P=VI=PR=5 


Rseries = R1 +R2+ ... 


1 1 1 
> ES tt 
Rparallel R1 R2 


ath bade 
i(t) =C dt 
di 

v(t) Lat 
ee 
C * jac 
ZL = joL 


Zseries =Z1+Z2+ ... 


Toi, 
Zparallel 21 22 


@ = 2nf 
1 
ai 
Ij +Io+... = Oatnode 
Vi +V2+... = 0 around loop 
Ay = -R¢/ Ry 


Ay = (Rf/Rg+1) 


R2 
Vout az Rj +R) Vin 


®) = I/(RC) 


M = R/L 


AraBy = 10 logio(P2/P,) = 20 logjo/V2/V}| 


j=vVi 
e™ =cosx+ jsinx 


If z = atjb  normal/rectangular form 


and z=([| oO exponential/polar form 
then |z| = \Va2 + b2 
and 0 = tan-1(2) 


Also a = |z| cos ® 


and b = |z| sin 8 
IZ} .Zo| = [zq|- [zl 
z1|_—[24| 
z\ (eal 
Vims = Veff = “peak _ “peak-peak 
\2 2nf2 
n-ch MOSFET: 
Cut-off region Vgs < Ver : 
Iqg=0 


Const current region (Vds) > (Vgs - Vtr): 
Ig = K (Vgs 5 Vir)? 


Triode region (Vds) < (Vgs ; Vir) : 
Id = K [2(Vgs - Vir)Vds - Vds7] 


BJT: 

I, = Bl, 

I, = al, 

B = a/(l-a) 
a = B/(B+1) 


AT = 0P; AT=temperature rise above ambient 


